Rationale: Gastroesophageal reflux (GER) is highly prevalent in patients with idiopathic pulmonary fibrosis (IPF). Chronic microaspiration secondary to GER may play a role in the pathogenesis and natural history of IPF. Objectives: To investigate the relationship between GER-related variables and survival time in patients with IPF. Methods: Regression analysis was used to investigate the relationship between GER-related variables and survival time in a retrospectively identified cohort of patients with well-characterized IPF from two academic medical centers. Measurements and Main Results: Two hundred four patients were identified for inclusion. GER-related variables were common in this cohort: reported symptoms of GER (34%), a history of GER disease (45%), reported use of GER medications (47%), and Nissen fundoplication (5%). These GER-related variables were significantly associated with longer survival time on unadjusted analysis. After adjustment, the use of GER medications was an independent predictor of longer survival time. In addition, the use of gastroesophageal reflux medications was associated with a lower radiologic fibrosis score. These findings were present regardless of center. Conclusions: The reported use of GER medications is associated with decreased radiologic fibrosis and is an independent predictor of longer survival time in patients with IPF. These findings further support the hypothesis that GER and chronic microaspiration may play important roles in the pathobiology of IPF.
Idiopathic pulmonary fibrosis (IPF) is a chronic fibrotic lung disease with a median survival from the time of diagnosis of 2 to 3 years (1) . The cause of IPF remains unknown (2) . It has been hypothesized that chronic microaspiration (i.e., tracheobronchial aspiration of small amounts of gastric secretions) due to gastroesophageal reflux (GER) may cause repetitive subclinical injury to the lung leading to pulmonary fibrosis (3, 4) . Evidence from experimental models in animals and descriptive studies in humans supports this concept (3, (5) (6) (7) (8) (9) .
GER is highly prevalent in patients with IPF. Esophageal pH monitoring has estimated the prevalence of distal GER in IPF at 67 to 88% and proximal GER at 30 to 71% (10) (11) (12) (13) (14) . Although the pathobiological significance of GER in IPF remains unclear, two small case series have suggested stabilization of pulmonary function with medical or surgical treatment of GER (5, 9) . These two studies are limited by their small size and the lack of adequate controls.
In the current study, we sought to further investigate the relationship between GER and IPF using a large cohort of patients with well-defined disease identified from the longitudinal cohorts of patients with interstitial lung disease (ILD) seen at two major academic medical centers. Specifically, we asked whether reported GER-related variables, including GER symptoms, a diagnosis of GER disease, and the use of medical and/or surgical therapies for GER, were associated with survival time in patients with IPF.
METHODS Study Design and Patient Population
Patients with IPF were identified retrospectively from two longitudinal cohorts of patients with ILD seen at the University of California San Francisco (UCSF) and the Mayo Clinic (Rochester, MN), from April 2001 until July 2008. These cohorts involve the prospective and systematic collection of symptoms, comorbidities, and medication use via standardized questionnaires and physician review. Enrollment into these cohorts included informed consent giving permission to record clinical data and review medical records. Demographics, clinical features, medication history, pulmonary function, and high-resolution computed tomography (HRCT) data were obtained for all patients. The Institutional Human Subject Review Committee at each institution approved the protocol.
In both cohorts, the diagnosis of IPF was made by multidisciplinary review according to consensus criteria (1) . The diagnosis of IPF required the absence of an identifiable etiology for ILD and histopathologic or radiologic usual interstitial pneumonia pattern. All patients with IPF in these cohorts who had HRCT and pulmonary function tests within 12 and 3 months, respectively, of the date of diagnosis (defined as the date of initial clinic visit), were eligible for inclusion. Eligible patients were excluded only if survival data were unobtainable (missing in five subjects). Patient demographics, symptoms (dyspnea, cough, heartburn/regurgitation), history of tobacco use (categorized as never or ever smokers), body mass index (BMI), and pulmonary function values were recorded. At both UCSF and the Mayo Clinic, GER symptoms, GER disease, and GER medication use were recorded and reviewed in a prospective manner by the treating physician at the time of the clinic visit. Lung transplant data and vital status were obtained using the medical record and the Social Security Death Index (http:// ssdi.rootsweb.ancestry.com/).
Radiology Review
HRCTs were obtained as part of the clinical evaluation of all patients. All studies were performed using standardized protocols and had adequate quality images available. HRCTs were prospectively reviewed as part of this study by two radiologists (B.M.E., C.P.L.) who were blinded to all clinical features of the patient. A semiquantitative analysis of the severity of fibrosis on HRCT was calculated by estimating the percentage of lung affected by fibrosis (i.e., reticular abnormality and/or honeycombing) to the nearest 5% in three zones for each lung, as previously described by Best and colleagues (15) . These numbers were averaged to obtain a net radiologic fibrosis score.
Statistical Analysis
Descriptive statistics are presented as mean and standard deviation (SD) or median (25th percentile, 75th percentile). Comparisons between groups were performed using the t test, Mann-Whitney rank sum test, chi-square test, or Fisher exact test as appropriate. Survival time was calculated from the initial visit (i.e., time of diagnosis) until the primary outcome was achieved, either death or lung transplantation (i.e., transplant-free survival). Patients were censored if there was no lung transplant or death recorded in the medical record or on query of Social Security Death Index. Kaplan-Meier curves were constructed for selected variables and compared using the log rank test. Survival time (in days) is reported as median (25th percentile, 75th percentile). Unadjusted and adjusted Cox proportional hazards regression analyses were performed. The adjusted Cox regression modeling was performed using two methods: one using all significant predictors on unadjusted analysis and a second using backward selection. Model assumptions of log-linearity and proportional hazards were checked using standard approaches. All data analysis was performed using STATA Version 11.1. All tests were two-sided and were performed at a significance level of 0.05.
RESULTS

Study Population
The study cohort consisted of 204 patients (84 from UCSF and 120 from Mayo Clinic) ( Table 1) . Patients were primarily men (69%) with a mean age of 70 years. Most patients were overweight, with a mean BMI of 29. The majority of patients were current or former smokers (71%). Twenty percent of patients reported use of prednisone at the time of diagnosis. Mean baseline forced vital capacity (FVC) was 69% predicted and diffusing capacity for carbon monoxide (DL CO ) was 47% predicted. The median radiologic fibrosis score was 17%. The intraclass correlation coefficient for the fibrosis score was 0.97 (95% confidence interval, 0.96-0.98). Surgical lung biopsy was performed in 39% of the study cohort. In general, the UCSF patients with IPF were similar to the Mayo Clinic patients with IPF and overall were similar to other reported cohorts of patients with IPF (see Table E1 in the online supplement).
GER-Related Variables
Symptoms of GER were present in 34% of patients (Table 1) . Patient-or physician-reported history of GER disease was present in 45% of patients. At the time of diagnosis, approximately half of patients reported current treatment with GER therapy (either proton pump inhibitor [n ¼ 86] or H2 blocker [n ¼ 12]). Eleven patients reported a history of Nissen fundoplication. The indication for Nissen fundoplication was for the treatment of GER disease (see online supplement). There were no significant differences in these features between the UCSF and Mayo Clinic cohorts (Table E1) . Three patients reported a history of Barrett esophagus, one patient a history of gastritis, and one patient a remote history of peptic ulcer disease.
Survival Analysis
The median survival time for this cohort was 1,079 days (495-2,091) and did not differ by center ( Figure E1 ). Unadjusted predictors of survival time are listed in Table 2 . The reported presence of GER symptoms, GER diagnosis, GER medication use, and Nissen fundoplication were all associated with longer survival time (Figure 1 ). These relationships were present in both the UCSF and Mayo Clinic patients (Table E2) . On adjusted analysis, higher FVC % predicted, higher DL CO % predicted, and the use of GER medications were associated with longer survival time in both regression models (Table 3 ). In the backward selection model, higher BMI was also found to be a significant predictor of longer survival time.
Comparison of Patients Taking and Not Taking GER Medications
Patients reporting GER medication use were significantly more likely to be women, have a history of cough, have lower HRCT fibrosis score (14 vs. 19%), and have undergone surgical lung biopsy. There were no significant differences in age, BMI, history of smoking, dyspnea, use of prednisone, long-term oxygen use, or pulmonary physiology between those with and those without reported GER medication use. As expected, those reporting GER medication use were more likely to have GER symptoms, GER disease, and history of Nissen fundoplication (Table 4) .
DISCUSSION
There is equipoise among pulmonologists as to how aggressively to diagnose and treat GER in patients with IPF. There are no convincing data demonstrating a clinical benefit to treatment of GER in this setting and there are risks to medical and surgical treatment (4) . In this study, approximately half of patients with IPF reported taking GER medications at the time of initial diagnosis. The use of GER medications was associated with lower HRCT fibrosis score and was an independent predictor of longer survival time. Although preliminary, these findings support the hypothesis that GER and chronic microaspiration may play important roles in the pathobiology of IPF.
Although the indication for GER medication use in this cohort is unknown, GER symptoms and diagnosis were more common in patients reporting GER medication use, suggesting the indication was likely for the treatment of GER. It is possible that GER medications were prescribed for gastro-protection in patients also receiving prednisone. However, there was no difference in prednisone use among those reporting and not reporting GER medication use, making this explanation unlikely.
Our results are consistent with two previous reports suggesting stabilization of IPF with medical or surgical therapy for GER (5, 9) . In a study of four patients with IPF, aggressive medical management of GER resulted in apparent physiological stabilization (5) . One of the cases demonstrated physiologic stabilization with GER medications, then worsening with cessation of therapy, followed by restabilization after resuming therapy once again. A second study demonstrated stabilization of oxygen requirements in pretransplant patients with IPF who underwent Nissen fundoplication for GER, although no change in pulmonary function was observed (9). Our study adds substantially to these results by linking GER-related variables to the extent of HRCT fibrosis and survival time in a large, two-center cohort of well-characterized patients with IPF.
There are several possible explanations for the results of our study. The most straightforward is also the most controversial: that the treatment of GER is beneficial to survival in IPF. It is hypothesized that GER may impact progression in IPF through microaspiration of gastric droplets either causing slowly progressive lung injury and fibrosis or by triggering acute exacerbation of IPF (4) . Suppressing the acidity of gastric contents may reduce the injury caused by microaspiration. However, acid suppression alone does not prevent microaspiration of weakly acidic reflux, and this may also contribute to lung fibrosis (16) . Nissen fundoplication is a surgical intervention that reduces both acid and weakly acidic GER. An additional survival benefit to Nissen fundoplication is suggested by our data, which would support a role for both acid and weakly acidic GER. Our small sample size limits any firm conclusions that can be made from this data.
Our results could also be due to confounding by unmeasured associated variables. For example, patients receiving GER therapy might also be more likely to receive other medical interventions (e.g., pulmonary rehabilitation, influenza vaccination, or simply more comprehensive care) that could impact survival. Arguing against this somewhat is that any confounder would have to exist at both centers involved in the study. Another possible explanation for our findings is lead-time bias. GER could cause patients to seek medical attention sooner than those who do not have GER, leading to the diagnosis of IPF earlier in the course of disease. Although most measures of disease severity (e.g., pulmonary function values) were similar between groups, the association between lower percent of radiologic fibrosis on HRCT and GER medication use could suggest lead-time bias. However, after adjustment for the degree of radiologic fibrosis, the relationship between GER medication use and survival time remained significant.
Finally, it is possible that the association between GER and survival time in IPF is real, but that GER may develop as a consequence of progressive fibrotic lung disease, rather than vice versa. Architectural distortion and increased traction on mediastinal structures may lead to weakening of the lower esophageal sphincter and increased GER (4, 12) . The association of GER medication use with less radiologic fibrosis and the lack of an association with standard measures of thoracic restriction (e.g., pulmonary function tests) argue against this hypothesis.
The results of our study need validation to confirm the association between reported GER medication use and survival time. Although large and well-defined, our cohort had limited Data are expressed as mean (SD), n (%), or median (25th percentile, 75th percentile). GER medications: either proton pump inhibitor (n ¼ 86) or H2 blocker (n ¼ 12); two patients were taking both.
* Patient reported symptoms of heartburn or regurgitation. y Patient or physician reporting of this diagnosis.
information on GER diagnosis and responsiveness to treatment. Information on 24-hour pH and/or esophageal impedance testing, dosing, duration, and compliance with GER therapy, and effectiveness of acid suppression with therapy should be collected in future studies. A prospective longitudinal cohort of patients with carefully recorded GER-related variables would address these issues more rigorously. If our results are validated, future studies should look beyond association and address how the treatment of GER might affect survival in IPF.
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